Abstract Marine n-3 polyunsaturated fatty acids alter cardiac phospholipids and prevent cardiac pathology in rodents subjected to pressure overload. This approach has not been evaluated in humans or large animals with hypertension-induced pathological hypertrophy. We evaluated docosahexaenoic acid (DHA) in old female dogs with hypertension caused by 16 weeks of aldosterone infusion. Aldosterone-induced hypertension resulted in concentric left ventricular (LV) hypertrophy and impaired diastolic function in placebo-treated dogs. DHA supplementation increased DHA and depleted arachidonic acid in cardiac phospholipids, but did not improve LV parameters compared to placebo. Surprisingly, DHA significantly increased serum aldosterone concentration and blood pressure compared to placebo. Cardiac mitochondrial yield was decreased in placebo-treated hypertensive dogs compared to normal animals, which was prevented by DHA. Extensive analysis of mitochondrial function found no differences between DHA and placebo groups. In conclusion, DHA did not favorably impact mitochondrial or LV function in aldosterone hypertensive dogs.
Introduction
Despite aggressive treatment with current therapies, left ventricular (LV) dysfunction and heart failure remain a major public health problem due to poor quality of life, frequent hospitalization, and death. New therapeutic approaches are needed to prevent the development of heart failure and slow or reverse progression of established dysfunction. Recent clinical studies suggest that treatment with a mixture of the marine n3 polyunsaturated fatty acids (n3 PUFA) docosahexaenoic acid (DHA; 22:6n3) and eicosapentaenoic acid (EPA; 20:5n3) can improve left ventricular function [1, 2] and modestly reduce clinical events [3] in heart failure patients with a low LV ejection fraction. Treatment with a mixture of DHA and EPA in animal models of chronic LV dysfunction found beneficial effects in mouse and rat models of pressure overloadinduced cardiac pathology [4] [5] [6] [7] [8] . On the other hand, improved cardiac structure and function is not a consistent finding, as various formulations of DHA and EPA alone or in combination did not improve survival or cardiac function in studies in rodents with arterial pressure overload [9] or myocardial infarction [10] , in cardiomyopathy hamsters [11] , or in dogs following myocardial infarction [12] .
The cardioprotective mechanisms of marine n3 PUFA in chronically dysfunctional myocardium are not well established, but appear to be dependent upon changes in the phospholipid fatty-acyl composition of cardiac membranes, and the resultant effects on key cellular processes [13, 14] . Supplementation with only DHA may be optimal to elicit beneficial effects on cardiac function, as DHA is more readily incorporated into cardiac membranes than EPA [15, 16] . Further, DHA increased both EPA and DHA in cardiac membrane phospholipids, but treatment with EPA alone does not increase DHA [9, 11, 17] , as there is low enzymatic capacity for EPA elongation to DHA in heart [18] . Thus, the increase in total DHA+EPA, and parallel decrease in arachidonic acid are greater with equivalent doses of DHA than with EPA. We found that rats treated with DHA alone had greater resistance to Ca 2+ -induced mitochondrial permeability transition, a catastrophic event characterized by collapse of membrane potential, cessation of ATP production, and activation of cell death pathways [17] . Extrapolating these results to humans is difficult. When consuming a typical low DHA diet rats have a high DHA content in cardiac membranes (∼8-10 % of total phospholipid fatty-acyl content), while levels humans and dogs are much lower (1-2 %) [12, [19] [20] [21] . Thus, it is important to evaluate the effects of DHA in a large animal model of heart failure prior to embarking on studies in patients.
The goal of the present investigation was to evaluate the impact of long term treatment with a clinically relevant dose of DHA on cardiac phospholipid composition, and mitochondria and LV structure and function in dogs subjected to chronic hypertensive stress. Specifically, we assessed the effects of treatment with purified DHA on cardiac membrane fatty-acyl composition, mitochondrial function and susceptibility to stressinduced permeability transition, and LV wall thickness, chamber volume, and function. Studies were performed in mature female beagles (8 years old) subjected to 16 weeks of aldosterone infusion. We have previous shown that this results in hypertension, concentric LV hypertrophy, and diastolic dysfunction [22] . We hypothesized that treatment with DHA would have no effect on arterial blood pressure, but would increase DHA content and deplete n6 PUFA in cardiac membranes, enhance mitochondrial resistance to Ca 2+ -induced permeability transition, and improve LV function compared to placebo-treated dogs.
Methods

Experimental Design
All procedures were conducted in accordance with the Guidelines for the Care and Use of Laboratory Animals (NIH publication no. 85-23) and were approved by the University of Maryland Institutional Animal Care and Use Committee, where all the animal work was conducted. Three groups of older adult female beagles (8-year-old retired breeders) were studied. An untreated group (n =8) was compared to dogs treated with aldosterone for 16 weeks to induce hypertension and given either placebo (n =7) or DHA (n =8). Animals were purchased from a commercial vendor (Covance Research Products Inc, Cumberland, VA, USA) and were ovariectomized 2-6 weeks prior to delivery to our facility. All terminal procedures were completed over a 5-week period by the same personnel. Dosing and measurements performed with the investigators blinded to treatment. Mitochondrial and cardiovascular function data from the two control groups (untreated dogs and dogs subjected to aldosterone-induced hypertension with placebo treatment) were previously reported [22] . In the present investigation, these animals serve as the controls for the DHA-treated group.
Dogs were housed in pairs and fed commercial dog food (Pedigree, Harlan Laboratories, Inc, Frederick, MD, USA). After 3-5 days of acclimation, arterial blood pressure was measured in the tail using an oscillometric automated blood pressure cuff (PetMAP, Tampa, FL, USA) in conscious dogs, as previously described in detail [22] . Mean arterial pressure was calculated as diastolic pressure+(pulse pressure/3).
Induction of Hypertension with Infusion Aldosterone
A battery-powered programmable infusion pump (iPRECIO model no. MK02-V2, Data Sciences International, St. Paul, MN, USA) was implanted in the neck to deliver a constant infusion of aldosterone into the jugular vein (D-aldosterone (Sigma Aldrich, St. Louis, MO, USA) at 30 μg kg −1 day −1 in 15 % ethanol, 50 % dimethyl sulfoxide, and 35 % water (10 mg of aldosterone/mL). Pump implantation was performed under sterile conditions under general anesthesia using propofol (4-6 mg/kg i.v.) and inhaled isoflurane (1.5-3.0 %) to effect, with local infiltration with bupivacaine (approximately 2 mL of 0.25 %), as previously described [22] . This dose of aldosterone was selected based on pilot studies that found it was well tolerated and resulted in stable hypertension out to 8 weeks of treatment (data not shown). Sixteen dogs initiated treatment with aldosterone, but one placebo-treated dog developed an infection at the site of pump implantation and was discontinued; thus, data are reported for 15 animals. The untreated normotensive control animals were not instrumented. The aldosterone-treated dogs were assigned to treatment with either placebo (2.00 g corn oil/ day given in three opaque gelatin capsules containing 0.67 g each) (n =7) or DHA (1.80 g DHA/day, with each capsule containing 0.67 g of 90 % DHA ethylester (KD Pharma, Bexbach, Germany). Placebo and DHA capsules were made in accordance with good manufacturing practice (GMP) requirements in the University of Maryland School of Pharmacy GMP facility. Capsule purity and stability were verified by analysis using the official USP compendial method for omega-3-acid ethyl esters capsules; this assay used gas chromatography with flame ionization detection (data not shown). The storage conditions for the stability studies were in accordance with ICH conditions. We estimate that this dose of DHA is equivalent to 4 g/day in humans, based on the assumption that the typical energy requirement of a 12-kg dog is ∼920 kcal/day [23] and that 1.8 g of DHA has 16.2 kcal (9 kcal/g DHA), accounting for 1.8 % of energy intake. Assuming a human energy intake of 2,000 kcal/day, 1.8 % of energy intake would be 36 kcal from DHA, or 4 g/day in humans. Animals were dosed once each day in the morning, and investigators were blinded to treatment. Echocardiography was performed 7-3 days prior to the terminal study (MyLab 30CV, Esaote North America, Inc, Indianapolis, IN, USA, with a 3.5-1.6 MHz probe). In the aldosterone-treated dogs, an echocardiographic exam was also performed 7-2 days prior to the pump instrumentation. All measurements were performed in a right lateral decubitus position without sedation or restraint, as previously described [22] . Echocardiograms were read by two investigators blinded to treatment, and then averaged. LV wall thickness was taken as the sum of anterior and posterior wall thickness at end diastole and relative LV wall thickness as LV wall thickness/end diastolic diameter.
Blood samples were drawn from a superficial forelimb vein drawn prior to implantation of the infusion pump and initiation of treatment, at 8 weeks of treatment, and at 7-2 days prior to the terminal procedure. All samples were drawn between 1100 and 1400 hours without fasting. After 16 weeks of aldosterone infusion and treatment with placebo or DHA, a terminal procedure was performed to measure left ventricular pressure and remove the heart for analysis. Dogs were anesthetized as described above, and a 5-F high fidelity manometer-tip catheter (Millar Instruments, Houston, TX, USA) was advanced into the LV from the left carotid artery. The animal was euthanized by increasing the isoflurane to 5 % for 1 min, rapidly performing a left-side thoracotomy, severing the superior vena cava, and removing the heart. The total time for removal of the heart was <90 s from the initial incision. Myocardium for mitochondrial isolation was taken from the anterior LV free wall and placed in ice-cold buffer. Tissue from the lateral LV free wall was fixed in embedding medium (Tissue-Tek O.C.T. Compound, Sakura) for subsequent histological analysis and frozen at −80°C. The residual LV and right ventricle (RV) tissue was carefully dissected and weighed for assessment of LV and RV mass.
Mitochondria Isolation and Measurements
Isolation of myocardial sub-sarcolemmal mitochondria (SSM) and interfibrillar mitochondria (IFM) was done using a protocol modified from Palmer et al. and Rosca et al. [24, 25] , as recently described in detail [22] . Mitochondrial respiration was assessed with glutamate+malate (20 and 10 mM), pyruvate+malate (20 and 10 mM), palmitoylcarnitine (40 μM), or succinate (20 mM+ 7.5 μM rotenone) as substrates. State 4 was measured with and without the addition of oligomycin (5 μg/mL), and the respiratory control ratio (RCR) was calculated using state 4 without oligomycin. Ca
2+
-induced mitochondrial permeability transition was evaluated in SSM and IFM using two previously described methods [9, 17, 22, 26] . First, mitochondrial swelling was assessed by following the change in absorbance at 540 nm after the addition of a single bolus of Ca
. Second, the capacity for Ca 2+ uptake was used as an index of resistance to mitochondrial permeability transition. Extramitochondrial [Ca 2+ ] was measured with Calcium Green-5N (750 nM) during progressive additions of 20 nmol Ca 2+ /mg mitochondrial protein. Both of these assays were performed at 37°C and have been described in detail [22] . Mitochondrial membrane potential and size were measured with flow cytometry using 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazol carbocyanine iodide (JC-1) and MitoTracker Green FM, respectively, as previously described [22, 27, 28] .
Tissue and Serum Analysis The fatty-acyl composition of phospholipids was analyzed in myocardial samples from the LV lateral free wall using gas chromatography coupled with mass spectroscopy, as previously described [29] . Histological analysis of LV samples for extracellular fibrosis, myocyte cross-sectional area, and capillary density was assessed as previously described [30] . Serum aldosterone was measured by ELISA (Cayman Chemical).
Statistical Analysis Values are shown as mean±standard error. The three groups were compared using a one-way ANOVA with a post hoc t test using the Bonferroni correction. The effect of DHA treatment on tail cuff blood pressure in the aldosteronetreated dogs was assessed by a two-way ANOVA for repeated measures. Comparison of echocardiographic data from baseline to 15 weeks was performed with a two-way ANOVA for repeated measures. A p <0.05 was considered significant.
Results
Cardiac Phospholipid Fatty-Acyl Composition
DHA treatment significantly altered myocardial phospholipid fatty acyl composition. DHA and EPA (20:5n3) and the sum of n3 PUFA (∑n3 PUFA) in cardiac phospholipids were increased by DHA treatment compared to placebo ( Fig. 1 and Table 1 ). This was accompanied by a DHA-induced depletion of arachidonic acid (20:4n6) from cardiac phospholipids. The most abundant n6 PUFA, linoleic acid (18:2n6), was not different among groups, but the ∑n6 PUFA was significantly decreased in the DHA-treated group compared to placebo (Table 1) . Together, this resulted in a significant fall in the ∑n6PUFA/∑n3PUFA ratio (Fig. 1) . The magnitude of the increase in total n3 PUFA was relatively modest in absolute terms (0.9 % of total fatty acids) compared to the fall in arachidonic acid (7 % of total fatty acids), which implies that other fatty acyl groups replaced arachidonic acid. There was a trend for higher saturated and monounsaturated fatty acids in DHA-treated animals, but there was not a statistically significant increase in any specific fatty acid (Table 1) . Thus, the DHA-induced decrease in arachidonic acid was due to distributed replacement by a variety of long chain saturated and monunsaturated fatty acids, and was not targeted to a single fatty acid moiety.
Myocardial phospholipids from placebo-treated dogs subjected to aldosterone-induced hypertension had higher content of arachidonic acid (20:4n6) and lower vaccenic acid (18:1n7) compared to untreated age-matched dogs (Table 1 and Fig. 1 ). This effect was not observed in DHA-treated dogs.
DHA Effects on Serum Aldosterone and Blood Pressure
No difference was observed in baseline serum aldosterone concentrations between the placebo-and DHA-treated groups (Fig. 2) and were similar to those we previously reported from untreated young and old beagles (290±21 and 235±28 pg/mL, respectively) [22] . Tail cuff blood pressure measurements acquired in conscious unrestrained dogs prior to aldosterone infusion were similar in the DHA and placebo-treated groups (Fig. 3) . We previously reported that infusion of aldosterone caused an increase in both serum concentration of aldosterone and in blood pressure at 8 weeks [22] . This was followed by a decline in aldosterone concentration to below baseline values and a return in blood pressure to near pretreatment values by 15 weeks, suggesting that there was an adaptive increase in aldosterone clearance induced by aldosterone infusion [22] . In the present investigation, we were surprised to observe that treatment with DHA significantly potentiated the increase in serum aldosterone at 8 weeks (Fig. 2 ) and the increase in arterial blood pressure from 5 to 12 weeks of aldosterone (Fig. 3) . Serum aldosterone decreased from 8 to 16 weeks, as previously reported [22] , and there was a strong trend for higher aldosterone concentration with DHA than placebo treatment at 16 weeks (p =0.06).
Cardiac Mass and Function
Body mass was similar among groups (Table 2) . LV, RV, and LV+RV masses were not significantly different among groups, though there was a trend for a greater LV mass with aldosterone infusion (Table 1) . Echocardiographic measurements showed that LV chamber diameter and ejection fraction were not different between placebo and DHA-treated groups either before or after treatment (Fig. 4 and Table 2 ). On the other hand, LV wall thickness was significantly increased by aldosterone infusion in both placebo-and DHA-treated group, indicating that aldosterone infusion induced LV concentric cardiac hypertrophy that was not prevented by DHA. The E/A ratio decreased to the same extent with aldosterone infusion in both placebo and DHA groups, suggesting that DHA was ineffective at preventing deterioration of LV diastolic function. On the other hand, it is interesting to note that despite the increase in blood pressure and circulating aldosterone in the DHA-treated group, LV hypertrophy was not aggravated (Fig. 4) . LV pressure in anesthetized dogs showed no difference among normal untreated dogs and the aldosterone-treated animals for heart rate, LV peak systolic and end diastolic pressure, and maximum and minimum dP/dt (Table 2) .
Histological assessment of LV myocardium found no increase in extracellular fibrosis, myocyte cross-sectional area, and capillary density with infusion of aldosterone in the placebo-treated group, as previously published [22] . Analysis of the DHA-treated group showed no effect on any of these parameters (myocyte cross sectional area of 528±29 μm 2 ), volume fraction of interstitial fibrosis of 9.8±0.7 %, and capillary density of 2154±128 capillaries/mm 2 , which are similar to values obtained from the placebo-treated group (546± 28 μm 2 , 10.0 ± 0.6 %, and 2106 ± 92 capillaries/mm 2 , respectively).
Mitochondrial Parameters
Compared to normal untreated dogs, the placebo-treated group with aldosterone infusion had a significant 18 % decrease in total mitochondrial yield (Table 3) . Treatment with DHA prevented the decrease in yield, as the DHA group was not different from either the untreated group or placebo-treated dogs ( Table 3 ). The yields for SSM and IFM were not statistically different among groups.
Flow cytometer analysis showed no differences in mitochondrial diameter, internal complexity, or membrane potential between DHA and placebo groups in either SSM or IFM (Table 3) . Mitochondrial diameter was increased in SSM in both DHA and placebo groups compared to untreated normal dogs. In the placebo-treated group, the mitochondrial diameter of IFM was increased compared to the healthy normal group, while DHA-treated dogs were not different from either group. No difference among groups were observed for internal complexity or membrane potential for either SSM or IFM (Table 3) .
Overall, mitochondrial respiration was minimally affected by aldosterone-induced hypertension and treatment with DHA (Table 4 ). In SSM, there were no differences in state 3 respiration. State 4 respiration in SSM measured with either succinate+rotenone with or without oligomycin was significantly higher in the placebo-treated group than in the untreated normal dogs, while the DHA-treated group was not statistically different from either group ( Table 4) . The RCR was significantly lower in the placebo-treated group compared to normal healthy dogs with pyruvate+malate or succinate+rotenone, while the DHA-treated group was not different from either the placebo or untreated normal groups. There were no significant differences in any parameters in IFM. Calcium-induced mitochondrial swelling (Fig. 5) and Ca 2+ retention (Fig. 6) were not different between placebo and DHA treated groups, demonstrating that treatment with DHA did not enhance resistance to Ca 2+ -induced mitochondrial permeability transition.
Discussion
There has recently been much interest in treating heart failure with purified formulations of marine n3 PUFA. Positive effects were observed in small clinical trials that assessed LV function, clinical class, and/or exercise tolerance with high doses of mixtures of DHA and EPA (1.7-3.4 g/day) [1, 2, 31] . The Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto miocardico -Heart Failure (GISSI-HF) trial showed that a low dose (0.85 g/day) of a 55:45 mixture of DHA+EPA decreased the occurrence of the combined endpoint of death plus hospitalization over 4 years [3] . These studies focused on patients with established heart failure and a low LV ejection fraction. Approximately half of heart failure patients have a normal LV ejection fraction but diastolic dysfunction and congestion. This "heart failure with preserved ejection fraction" is more common in patients with a history of hypertension and LV hypertrophy [32] [33] [34] . Studies in rodents with aortic constriction and LV hypertrophy, which recapitulates key aspects of heart failure with preserved ejection fraction, found that treatment with a mixture of DHA and EPA attenuated LV remodeling and pathology in mice and rats [4] [5] [6] [7] [8] . This suggests that this approach may be effective for preventing and treating heart failure with preserved ejection fraction.
The present investigation assessed the ability of a clinically relevant dose of DHA to alter cardiac phospholipid fatty acyl composition and mitochondria function, and prevent development of cardiac dysfunction and pathology in a large animal model of chronic hypertensive stress. We elected to study LV minimum dP/dt (mmHg/s)
purified DHA without EPA, as DHA is more readily incorporated into cardiac phospholipids than EPA, and is metabolized to EPA, which is also incorporated into phospholipids. Treatment with DHA increased the ∑DHA+EPA threefold and significantly depleted arachidonic acid from 19 % of the total phospholipid fatty acyl content to 11 %, indicating a clear effect on cardiac membrane composition. Despite these significant changes, the increase in LV wall thickness and development of diastolic dysfunction were not prevented. While our main hypothesis was not supported, we made two serendipitous findings that merit further investigation: (1) treatment with DHA increased serum aldosterone concentration and arterial blood pressure in aldosterone infused animals and (2) LV structure and function were not worsened in the DHA group despite exposure to persistently higher blood pressures and aldosterone levels. We were surprised to see that DHA significantly increased aldosterone concentration and arterial blood pressure compared to placebo. Aldosterone is primarily removed by the liver and kidneys; thus, these finding suggest the possibility that DHA impairs aldosterone clearance by these organs. Since marine n3 PUFA supplements high in DHA are frequently taken by patients with hypertension and/or heart failure, a similar augmentation in aldosterone and blood pressure would be disadvantageous in this population. This might partially explain the mixed results of high doses of n3 PUFA in cardiovascular clinical trials [13] . Additional investigation is needed to determine the mechanism(s) for these observations and if a similar response occurs in patients. It is important to keep in mind that studies in normotensive individuals and patients with hypertension found that supplementation with DHA has a modest but significant blood pressure lowering effect [16, 35] ; thus, we expected to see that the DHA treatment would have either no effect or modestly lower blood pressure. In any case, the elevated blood pressure in this study complicates the interpretation of the potential therapeutic effects of DHA. The LV of DHA-treated dogs was exposed to a significantly greater afterload than the placebo-treated group from ∼5 to ∼14 weeks, yet there was not greater LV wall thickening or a larger fall in the E/A ratio. This suggests that DHA might have been protective if the rise in blood pressure and aldosterone had been matched between groups.
Compared to previously published reports on phospholipid fatty acyl composition in LV myocardium in dogs or humans, we [19] , and an increase to 2.9 % after 6 months of treatment with 0.4 g DHA+0.6 g EPA per day. Billman et al. reported a ∑DHA+EPA of 0.82 % in mixed bred dogs on a low n3 PUFA diet, which after 3 months of treatment with either 0.84, 1.7, or 3.4 g/day of a 55:45 mixture of DHA+EPA increased to 4.1, 4.9, and 7.2 % [12] . We observed 0.36 % for the ∑DHA+EPA in our placebo group, which increased to 1.25 % in the DHA-treated group (1.8 g/day). This comparison of the changes in DHA and EPA with the available data from LV samples from humans and dog suggests that our increase in phospholipid DHA+EPA was less than expected. The differences with the study by Billman et al. could be due to differences in dog strain, age, sex and hormonal status. In the present study, we used 8-year-old ovariectomized beagles who were retired breeders, while they used 2-3-year-old mixed bred dogs of both sexes, suggesting that perhaps a beneficial effect would be seen with DHA treatment in young dogs with hypertension-induced cardiac dysfunction. The analytical methods employed may have also contributed to the observed differences, as we used mass spectrometry for detection combined with isotope-labeled standards for quantification, not a flame ionization detector as in the dog and human studies discussed above. In any case, we saw a clear effect of DHA treatment on n3 PUFA and arachidonic acid in cardiac phospholipids in our model system (Fig. 1) . A higher dose of DHAwould have elicited greater changes in cardiac phospholipids; however, we gave a dose that was equivalent to about 4 g/day in humans, which is at the high end of what has previously be used in patients.
In previous studies in rats and cardiomyopathic hamsters, we observed that DHA supplementation improved resistance to Ca 2+ -induced mitochondrial permeability transition [9] [10] [11] 17] . In contrast, we found no changed in resistance to Ca 2+ -induced mitochondrial permeability transition in the present study. Our previous work suggests that this effect is due to the absolute increase DHA in cardiac mitochondrial membranes and not to DHA-induced depletion of arachidonic acid [26] ; thus, the lack of effect in the present study may be the result of the modest absolute increase in DHA in cardiac membranes. It is also important to note that previous work in rodents suggests that greater susceptibility to stress-induced mitochondrial permeability transition is not a predictor of poorer outcome in heart failure [11, 36] . In addition, we studied isolated mitochondria to allow highly controlled evaluation of function; however, future studies should considering evaluating mitochondrial function in intact cardiomyocyte, as this would avoid potential damage and bias inherent in the isolation procedure.
The results of the present study provide the impetus for future studies in this area. First, it is possible that a higher dose of DHA might have elicited a beneficial effect due to greater changes in membrane phospholipids and more pronounced physiological effects. Second, we did not assess the effects of pretreatment with DHA before initiation of hypertension as we did in a previous study showing efficacy in rats with aortic constriction [5] . This approach is more likely to provide protection than concurrent initiation DHA treatment with the onset of hypertension, as was done in the present investigation. Third, we evaluated DHA and did not assess EPA, as our previous work in rodents strongly suggest that cardiac benefits are strongly associated with the extent that DHA and EPA increase and arachidonic acid decreases in cardiac phospholipids. On the other hand, EPA supplementation may be cardioprotective in dogs via alterations in systemic factors such as anti-inflammatory effects; thus, one cannot rule out that treatment with EPA may be beneficial in dogs with heart failure. Lastly, it is important to consider evaluation of DHA in nonpharmacological large animal models of heart failure that recapitulate key aspect of clinical heart failure, such as the aortic constriction, renal injury, or coronary microembolization models. In summary, DHA supplementation increased DHA and depleted arachidonic acid in cardiac phospholipids in dogs with hypertension caused by aldosterone infusion. Cardiac mitochondrial yield was decreased in placebo-treated dogs compared to normal animals, and DHA treatment prevented this effect. On the other hand, it did not enhance mitochondrial resistance to stress-induced permeability transition or improve mitochondrial respiration. Finally, DHA did not prevent LV wall thickening or the decline in the E/A ratio. Thus, DHA was not protective in a dog model of aldosterone-induced hypertensive cardiomyopathy.
